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(57) 

[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

High dielectric constant, an offer of a piezo electric element having high electric machine coefficient. 

[SOLUTION] 

Pb 

[1, two (B B) j_ x Ti x ] O 3 (but x =0-0.55, B 1 get possible to get dielectric constant, a high piezo 

electric element of electric machine coefficient by doing electrode layers 22 glass component 0.01-5 to 
form in piezoelectric material table 21 face comprising of monocrystal of the perobusukaito compound 
that, at a minimum, it is than one kind which, at a minimum, Nb extends to kind, B 2, and is chosen by 
Ta chosen by group of Zn, Ni, Mg, Sc, In and Yb in a limit of wt %.) 



[WHAT IS CLAIMED IS:] 
[Claim 1] 

A piezo electric element; comprising: Piezoelectric material comprising of monocrystal of Pb 

[1, two (B B) j x Ti x ] O 3 (at a minimum, one kind that, at a minimum, kind, B 2 are chosen by Nb and 

Ta that but x =0-0.55, B 1 are chosen by group of Zn, Ni, Mg, Sc, In and Yb), Is formed by part of this 
piezoelectric material face, electrode layers comprising of glass component of 0.01-5 wt % and 
conductive material. 
[Claim 2] 

A piezo electric element; according to claim 1 wherein;' Said glass component is at least one kind of 
ZnO that more than 50wt % invite PbO. 
[Claim 3] 

Production method of a piezo electric element; comprising: A production process to form 
electroconductivity paste bed containing glass component of 0.01-5 wt % and conductive material in 
piezoelectric material face comprising of monocrystal of Pb 

[1, two (B B) 1-x Ti x ] O 3 (at a minimum, one kind that, at a minimum, kind, B 2 are chosen by Nb and 

Ta that but x =0-0.55, B 1 are chosen by group of Zn, Ni, Mg, Sc, In and Yb), A production process said 
electroconductivity paste is sintered, and to form electrode layers in said piezoelectric material face. 
[Claim 4] 

Production method of a piezo electric element; according to claim 3 wherein; It is equal to or less than 
900 degrees Celsius, and said electroconductivity paste is sintered. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to a monocrystal element. 

[0002] 

[PRIOR ART] 

A piezo electric element uses that oscillation occurs by applying voltage, is used in ultrasound probe 
such as diagnosis equipment for medical care, by way of example only, to check the human organism 
inside or test equipment for the purpose of metal welding internal flaw detection. 



https://patolis-e.patolis.co.jp/patoH 6/13/03 



Page 2 of 7 



[0003] 

Usually, Ceramic material of perobusukaito configuration is employed for piezoelectric material 
employed by these ultrasound probe, but, an electric mechanical coupling coefficient (k t , k 33 and k 33 

□L) is low ceramic material, in other words conversion efficiency from electricity to oscillation was 

low. 

[0004] 

On the other hand, Monocrystal material of perobusukaito configuration is known as the piezoelectric 
material that an electric mechanical coupling coefficient is high, but, when electrode was formed by 
sputter and evaporation in this monocrystal material, electrode and inosculation with a lead were 
difficult, and, besides, issue produced in cohesion coke strength with an abutting surface. 
[0005] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

As mentioned earlier, As for the conventional piezo electric element, there was the issue which said that 
bondability with a connected lead of helix was bad from the outside. The present invention solves such a 
problem, bondability with an external electrode is good and it is simple and easy and is directed to that 
the piezo electric element that the electric mechanical coupling coefficient that can be produced is high 
is provided. 
[0006] 

[MEANS TO SOLVE THE PROBLEM] 

Invention of the first application concerned is formed by part of piezoelectric material comprising of 
monocrystal of Pb 

[1, two (B B) | x Ti x ] O 3 (at a minimum, one kind that, at a minimum, kind, B 2 are chosen by Nb and 

Ta that but x =0-0.55, B 1 are chosen by group of Zn, Ni, Mg, Sc, In and Yb) and this piezoelectric 
material face, it is a piezo electric element comprising electrode layers comprising of glass component 
of 0.01-5 wt % and conductive material. 
[0007]- 

Invention of the second application concerned is a piezo electric element as claimed in the first invention 
which, at a minimum, is one kind of ZnO that more than 50wt % invite PbO as for the glass component. 
It is production method of a piezo electric element comprising a production process invention of the 
third application concerned sinters a production process to form electroconductivity paste bed containing 
glass component of 0.01-5 wt % and conductive material in piezoelectric material face comprising of 
monocrystal of Pb 

[1, two (B B) |_ x Ti x ] O 3 (at a minimum, one kind that, at a minimum, kind, B 2 are chosen by Nb and 

Ta that but x =0-0.55, B 1 are chosen by group of Zn, Ni, Mg, Sc, In and Yb) and the 
electroconductivity paste, and to form electrode layers in the piezoelectric material face. Invention of the 
fourth application concerned is production method of a piezo electric element as claimed in the third 
invention which it is equal to or less than 900 degrees Celsius, and sinter the electroconductivity paste. 
[0008] 

[MODE FOR CARRYING OUT THE INVENTION] 
The present invention, Pb 

[1, two (B B) j x Ti x ] O 3 (but inclusion factor 0.01-5 of the glass component which, at a minimum, is 

formed by part of a kind, piezoelectric material comprising of monocrystal of the perobusukaito 
compound that, at a minimum, it is than one kind which Nb extends to B 2, and is chosen by Ta and this 
piezoelectric material face which Zn, Ni, Mg, Sc, In extend to x =0-0.55, B 1, and is chosen by group of 
Yb are piezo electric elements comprising electrode layers comprising of conductor of wt %.) 
[0009] 

Oxide such as perobusukaito compound is weak in cohesion power with metal. Therefore, When 
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electroconductivity paste deeply is impressed on a piezoelectric material top layer comprising of 
perobusukaito compound, and electrode layers are formed, it is mandatory requirement glass component 
is doped within electroconductivity paste, and to raise the adhesion, and enough cohesion coke strength 
is got because lOwt % degree usually dopes glass component. 
[0010] 

Scholars of present invention apply the above-mentioned electroconductivity paste to high piezoelectric 
material single crystal of an electric mechanical coupling coefficient , in what was printed, high 
electrode layers of a connectivity with a lead of helix were formed with before method and a difference, 
the equipment which were simple and easy such as sputter or evaporation. As a result, Dielectric 
constant of a piezo electric element was extremely low, and value of a normal electric mechanical 
coupling coefficient was not provided. 
[0011] 

About this, possible cause, glass component pasting electroconductivity gets knowledge to give a piezo 
electric element adverse effect as a result of investigation zealously, the present invention was reached. 
The reason for this is not clear, but, when glass component is doped within electroconductivity paste as 
one of a reason, glass component metamorphoses configuration of perobusukaito compound of 
monocrystal, it seems that the reason is because it is in piezo-related small pairokuroa configuration. In 
addition, When, as other reasons, electroconductivity paste is printed, that glass component oozing out 
from all over the electroconductivity paste is formed in the shape of bed by interface with electrode and 
piezoelectric material is expected. Based on such a knowledge, the present invention to be able to get 
dielectric constant and a high piezo electric element of an electric mechanical coupling coefficient (33 k 
□L, k 33, k t) by making glass component pasting electroconductivity predetermined dosage was 
reached. 
[0012] 

As follows, The present invention is explained more in detail. FIG. 1 is a schematic perspective diagram 
of a piezo electric element of the present invention. Electrode layers 21 is formed by opposed face of 
piezoelectric material 22 respectively. 
[0013] 

And piezoelectric material 22 is monocrystal having predetermined composition electrode layers 21 
contains glass component of predetermined dosage. Piezoelectric material of monocrystal used for the 
present invention is substantial, Pb 

[1, two (B B) 10 j Ti x ] O 3 (if but x =0-0.55, B 1 are the perobusukaito compound that, at a minimum, it 

is than one kind which, at a minimum, Nb extends to kind, B 2, and is chosen by Ta chosen by group of 
Zn, Ni, Mg, Sc, In and Yb if, by way of example only, there is well within lOmol % it may be the thing 
which part of Pb is substituted for in Ba, Sr, Ca or La.) 
[0014] 

Configuration of monocrystal piezoelectric material is not limited in particular, the shape can be done by 
means of application when arbitrary. In addition, It is different, and die thickness of piezoelectric 
material is small, and die thickness of piezoelectric material (spacing between electrode) is set by means 
of an employing frequency band so that an employing frequency band becomes high. By way of 
example only, When it is used for ultrasound probe, it is employed with 100 mu m - die thickness of 600 
mu m. 
[0015] 

After organic solvent, conductive material extended to electrode layers of the present invention, and 
having applied electroconductivity paste comprising of glass component to piezoelectric material face of 
monocrystal, is formed by sintering. If the conductive material is conductive material, it can be used in 
particular without being limited, but, it is desirable Ag, Pd, Au or for metal material Pt occupies 
conductive material 50wt % greater or equal. 
[0016] 

If glass component used for the present invention is a thing including at least one kind of component 
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contained by normal glass , by way of example only, oxide such as SiO 2 , B 2 O 3 , PbO or ZnO is given 

well. Among these glass component, PbO and ZnO are compared with other glass component in 
particular, a big piezo electric element of value of an electric mechanical coupling coefficient can be got. 
Therefore, It is preferable for PbO in glass component and the gross weight of ZnO to do more than 
50wt %. On the contrary, because adverse effect to give a characteristic of piezoelectric material SiO 2 , 

B 2 O 3 is big, what is done with the 50wt % following is desirable for glass component SiO 2 , the gross 

weight of B 2 0 3 . 

[0017] 

It seems that SiO 2 , B 2 O 3 damage perobusukaito configuration of piezoelectric material concerning 

the present invention as for this. If dosage of a glass component in electrode layers is less than O.Olwt 
%, it is not produced enough in cohesion force with piezoelectric material , more than O.Olwt %, it is 
equal to or less than 5wt %, and it is necessary to set to make reduce a characteristic of piezoelectric 
material when 5wt % is gone over, preferred what, besides, is done more than 0. 1 wt % with the 2wt % 
following. 
[0018] 

So that crystal lattice enters inside, and the glass component which should be absorbed puts 
perobusukaito configuration away in a grain boundary as pulling down, pairokuroa configuration in a 
komi thing with ceramic or that glass layer is formed is collected in interface with electrode layers and 
piezoelectric material, and, as for the reason why a characteristic of piezoelectric material with much 
dosage of glass component falls, it is thought about to by glass component of part. 
[0019] 

. It is desirable to do die thickness of electrode layers in die thickness of less than or equal to 1/20 as 
against die thickness of piezoelectric material not to decrease a characteristic of piezoelectric material. 
In addition, It is desirable to do more than 0.3 mu m to get enough adhesion with piezoelectric material. 
[0020] 

Screen printing is the most general for method forming the electroconductivity paste layer becoming 
electrode layers in piezoelectric material face. Screen printing can adjust formation thickness in free by 
adjusting emulsion thickness applied by screening equipment and roughness of scale division of 
screening equipment. 
[0021] 

In addition, Electroconductivity paste is coordinated with medium by conductive material, but, if the 
medium is the thing which can disperse in electrode component such as conductive material or glass 
component, is not limited particularly, and it can be used , by way of example only,, a thing with 
viscosity of comparing of diethylene glycol monomethyl tertiary butyl, a low thing of viscosity such as 
for example Luke agate torr can be used. There can be the thing that acryl system binder or cellulose 
stem binder are mixed with a low thing of viscosity. In addition, Binder of river system of amylum may 
be used from position of safe environmental protection. 
[0022] 

Method forming bed of electroconductivity paste is not limited to previously described screen printing, 
now gravure printing used broadly, heat transfer printing or print mode of a code stamp expression is 
given as example. 
[0023] 

In addition, When a piezo electric element of the present invention makes electroconductivity paste 
sinter in the production method production process, what is sintered with cold temperature is desirable 
as possible. For concreteness, It is higher than sintering temperature of electroconductivity paste, and 
more preferably than less than 900 degrees Celsius it is equal to or less than 700 degrees Celsius, and a 
big piezo electric element of value of an electric mechanical coupling coefficient can be got in what is 
sintered. 
[0024] 
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It seems glass component is easy to damage perobusukaito configuration of piezoelectric material when 
the reason for this sinters electroconductivity paste in elevated temperature or that it is easy to become 
form interface with electrode layers and piezoelectric material glass layer. 
[0025] 

A piezo electric element of the present invention can be used same as a conventional piezo electric 
element to ultrasound probe, calculus shredding equipment, a piezoelectric motor, piezo buzzer or vapor 
efflux equipment. Ultrasound probe is explained as an example in the following. 
[0026] 

FIG. 2 is a schematic perspective diagram of ultrasound probe with the use of a piezo electric element of 
the present invention. Out of figure, the piezo electric element which formed electrode layers 13, 14 on 
an opposed plane of piezoelectric material 1 1 is disposed to the letter of an array. Sound matching layer 
15 and ultra audible sound transmit and receive face comprising of acoustic lens 16 are formed in single 
sided of an arranged piezo electric element. Backing layer is formed in ultra audible sound transmit and 
receive side side of an arranged piezo electric element. Electrode layers 13 more is connected to electric 
wiring in flexible printed wire board 18 electrically, electrode layers 14 is connected to electric wiring in 
earth electrode plate. 
[0027] 

Piezoelectric material used for ultrasound probe is usually 100-600 die thickness mu m degree, and 
article of 60-360 mu m around *15-20cm is used. In addition, Ag, Ti or Au is formed in 0.4-20 die 
thickness mu m degree as electrode layers, this is arranged to the letter of an array, and it is used. 
[0028] 

Voltage is applied to electrode layers 13, 14 ken, because resonance can place piezoelectric crystal, ultra 
audible sound is transmitted from ultra audible sound transmit and receive face. At the time of reception, 
it makes piezoelectric material oscillate by means of ultra audible sound received from ultra audible 
sound transmit and receive side, this oscillation is converted for electricity. 
[0029] 

[EXAMPLE] 

Azimuth was decided to become in parallel with <100>, and a monocrystal wafer comprising of 
example 1 Pb 

[(Zn 1/3 Nb ^3) 0 91 Ti 0 09 ] O 3 (it is abbreviated to 91PZN-9PT as follows) was cut and brought down 

in thickness of 1mm with a diamond cutter. This was ground to 400 mu m for the last time. Next, 
Electrode material charges of a composition ratio shown in the following table 1 (a weight ratio) are 
dissolved in diethylene glycol thing methyl tertiary butyl, electroconductivity paste was got. This 
electroconductivity paste is applied to the wafer by screen printing, after having formed the 
electroconductivity paste layer, electrode layers of five mu m atsu were formed by sintering at 800 
degrees Celsius for 10 minutes. This sample is cut in 4mm kaku, a piezo electric element of 4mm *4mm 
was made in 400 die thickness mu m. 
[0030] 

It was 1.45nF when capacity C of a provided piezo electric element was measured with a LCR meter 
(4284A made in HEWLETT PACKERD company). Permittivity of this piezo electric element is 4100 
by applying this to an expression of epsilon r = Cd/ epsilon zero S (electric constant, S are electrode 

plane product sample die thickness, epsilon zero dielectric constant, d epsilon out of an expression). 

This situation is understood. 
[0031] 

Next, Polarization disposal of these piezo electric elements is done in 200 degrees Celsius, lkV/mm, 
resonance, anti-resonant frequency were demanded in a network mode of a network spectrum analyzer 
(4195A made in HEWLETT PACKERD company). It was resonance frequency 4.825MHz, anti- 
resonant frequency 5.525MHz. 
[0032] 



https://patolis-e.patolis.co.jp/patolis/^^ 6/13/03 



Page 6 of 7 



Electric mechanical coupling coefficient k t is usually expressed with =0.405* k 1 2 f r / (f a -f r ) +0.810 

(an expression, f resonance frequency, f a , anti-resonant frequency), k t of this piezo electric element is 

53.3% than this expression. This situation is understood. 
[0033] 

It was eaten solder, and it was not produced when soldering did a lead in electrode of this piezo electric 
element. In addition, Even if quantity of adhesion with a lead and a piezo electric element strongly 
strongly pulls a lead with hand, too, peeling does not get up, when it was forced more, and it karu in 
force, a lead was sharp, but, the peeling of electrode did not produce. 
[0034] 

It was done in much the same way as example 1 except that comparative example 1-1 - a composition 
ratio of 1-3 electrode material charges was done according to the following table 1, and piezo electric 
element each of comparative example 1-1 - comparative example 1-3 was made. 
[0035] 

A provided piezo electric element was done in much the same way as example 1, and capacity, dielectric 
constant were measured. The result is written jointly for table 1 . Even more particularly, soldering did a 
lead by attention same as example 1 with each provided piezo electric element. 
[0036] 

Solder food I produce a piezo electric element of comparative example 1-1, when a lead was pulled with 
hand lightly, a lead has exfoliated from a piezo electric element easily. When a piezo electric element of 
comparative example one or two strongly pulled a lead by hand, electrode has exfoliated from 
piezoelectric material. A drop of regular octahedron (pairokuroa configuration) is observed when a top 
layer of the piezoelectric material which exfoliated is observed in scanning electron microscope (SEM). 
pairokuroa bed generates between piezoelectric material and electrode, and crazing is observed when a 
cross section of the division which does not come off of electrode is observed. When a piezo electric 
element of comparative example 1-3 pulled a lead by hand, electrode has exfoliated from piezoelectric 
material. 
[0037] 
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[0038] 

Example 2 - 5Ag powder 49g, acryl system binder 50g and glass component lg of composition shown 
in the following table 2 were dissolved in Luke agate torr, and electroconductivity paste was prepared. 
[0039] 

After having printed this electroconductivity paste with code stamp type in piezoelectric material in 
much the same way as example 1, it is heat-treated at 700 degrees Celsius for 15 minutes, electrode 
layers of ten mu m atsu are formed, a piezo electric element was made. 
[0040] 
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Dielectric constant epsilon r of the result which measured in much the same way as example 1 and 
electric mechanical coupling coefficient k t are written jointly for table 2. It was eaten solder, and which 
piezo electric element was not produced when soldering did a lead in electrode of each provided piezo 
electric element either. In addition, Even if quantity of adhesion with a lead and a piezo electric element 
strongly strongly pulls a lead with hand, too, peeling does not get up, when it was forced more, and it 
karu in force, a lead was sharp, but, the peeling of electrode did not produce. 
[0041] 

From embodiment and a comparative example, as for the piezo electric element of the present invention, 
cohesion force with piezoelectric material and electrode layers is high and dielectric constant, an electric 
mechanical coupling coefficient are good, too. This situation is understood. Even more particularly, That 
a characteristic of a piezo electric element gets possible to be raised in glass component from example 2 
- 5 by lifting percentage of ZnO is understood. 
[0042] 
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[0043] 

[EFFECT OF THE INVENTION] 

As mentioned earlier, Dielectric constant, a good piezo electric element of an electric mechanical 
coupling coefficient are provided according to the present invention. 



[BRIEF DESCRIPTION OF DRAWINGS] 
[ FIG. 1 ] 

It is a schematic perspective diagram of a piezo electric element of the present invention. 
[ FIG 2 ] 

It is a schematic cross-sectional view of ultrasound probe with the use of a piezo electric element of the 
present invention. 

[DENOTATION OF REFERENCE NUMERALS] 
21... electrode layers 22... piezoelectric material 
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